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LHCb has recorded large samples of semileptonic B decays. These
provide the possibility to study CP violation effects in the B0s and B
0 sys-
tems. Decay-time-integrated or decay-time-dependent asymmetries be-
tween charge conjugated final states probe CP violation in B0(s) mixing
through the measurement of the parameter asl. These measurements rely
on data-driven techniques to control possible detection asymmetries.
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1 Introduction
Mixing of neutral B mesons is defined by the flavour-changing B → B and B → B
transitions, which in the Standard Model are described by higher order loop diagrams.
Measurements of the so called mixing asymmetry in B-meson systems probe whether
the oscillation of the meson into its antimeson is different from its revers process.
In a flavour-specific B meson decay, the final state f unambiguously identifies the
flavour of the B meson at the decay. Due to the high statistics of the samples, it is
experimentally convenient to use semileptonic decays.
asl =
Γ(B → B → f)− Γ(B → B → f)
Γ(B → B → f) + Γ(B → B → f) (1)
The flavour-specific semileptonic asymmetry is defined in terms of the partial decay
rates. Semileptonic asymmetries have a precise and very small Standard Model pre-
diction: assl = (1.9 ± 0.3) × 10−5 in the case of the B0s system and adsl = (−4.1 ±
0.6) × 10−4 for the B0 system [1] [2] , but they could be enhanced by new physics
contributions. Measurements of the single asymmetries assl and a
d
sl, performed by the
B-factories and the D0 experiment, show agreement with the SM predictions [3] [4]
[5] [6] [7] [8] [9] [6]. On the other hand, a deviation of 3.6 σ has been reported by
the D0 experiment in the inclusive charge asymmetry in events with same charge
dimuons [10]. More precise measurements of these quantities are needed to clarify
the picture. At hadron colliders the identification of the flavor of the B mesons at
production is rather inefficient. For this reason at LHCb, in order to access assl and a
d
sl,
the decay-time-integrated or the decay-time-dependent asymmetry between the CP
conjugated final states, regardless the production flavor of the B meson, is measured.
The measured final state asymmetry as a function of the B decay time, relates to asl
as follows:
Ameas(t) =
Γ(f, t)− Γ(f, t)
Γ(f, t) + Γ(f, t)
=
aqsl
2
+ AD −
(
AP +
aqsl
2
) cos(∆mqt)
cosh(∆Γqt/2)
(2)
with q = s, d. ∆mq is the mixing frequency of the B
0
(s) meson, ∆Γq the decay
width difference between its heavy and light mass eigenstates, and Γq the average
decay width. AP ≡ [σ(B0(s)) − σ(B0(s))]/[σ(B0(s)) + σ(B0(s))] represents the production
asymmetry of the B0(s) and B
0
(s) mesons at LHCb, in the selected kinematic phase
space. AD ≡ [(f)− (f)]/[(f) + (f)] is the asymmetry between the CP conjugated
final states due to detector and reconstruction efficiencies.
In this talk, I report on measurements of assl and a
d
sl performed at LHCb, using
datasets corresponding to an integrated luminosity of 1 fb−1 and 3 fb−1. The first
measurement of adsl, focuses on the crucial experimental challenges: the ability to
disentangle the CP violating asymmetry from the B0 production asymmetry and the
final state particles detection asymmetries.
1
2 Measurement of CP violation in B0s −B0s mixing
In this analysis, the time-integrated asymmetry betweenD+s [→ φpi+]Xµ−ν andD−s [→
φpi−]Xµ+ν decays, with X representing possible associated particles, is measured.
This asymmetry, calculated with the time-integrated decay rates, relates to the CP
violating asymmetry in B0s mixing, a
s
sl, similarly to Eq. 2. After integrating over
decay time, the time dependent term in Eq. 2 is suppressed to a neglible level by the
large value of ∆ms. The production asymmetry is expected to be at the percent level
[11]. The measured final state asymmetry then relates to assl as Ameas = a
s
sl · 0.5 +AD.
The raw asymmetry is calculated from the signal yields, determined from theK+K−pi+
and K+K−pi− invariant mass distributions. It is corrected by the detection asymme-
try and the asymmetry due to background decays not well separated from the signal
decays in the data sample. Backgrounds include prompt charm production, fake
muons associated with real D+s mesons produced in b-hadron decays, and B → DDs
decays where the D hadron decays semileptonically. To measure the relative pi+ and
pi− detection efficiencies, the ratio of partially reconstructed and fully reconstructed
D∗+ → pi+D0 with D0 → K−pi+pi+(pi−) decays is used, where the pion in brackets
is not required in the partial reconstruction. From the tracking asymmetry of the
pion, and the difference in kinematic phase space between the muon and the pion
and between the two kaons, the asymmetry due to different tracking efficiencies is
accessed.
The muon trigger and identification asymmetry are evaluated using a J/ψ → µ+µ−
sample, where both muons are reconstructed in the tracking system, but with at least
one muon without trigger and identification requirements.
The result obtained for assl with a data sample corresponding to an integrated lumi-
nosity of 1 fb−1 is [12]:
assl = (−0.06± 0.50(stat)± 0.36(syst))% (3)
3 Measurement of CP violation in B0 −B0 mixing
In this analysis adsl is measured using a sample of B
0 → D−µ+νµX and B0 →
D∗−µ+νµX decays. The value of adsl is accessed by measuring the asymmetry between
the D(∗)−µ+ and D(∗)+µ− final state as function of the B decay time. The measured
final state asymmetry relates to adsl as in Eq. 2. The B
0 production asymmetry
is determined together with the CP violating asymmetry by means of a maximum
likelihood fit to the time-dependent decay rates, while the value of the detection
asymmetry is measured using independent data-driven techniques.
A sample of 1.8 million B0 → D−µ+νµX decays and a sample of 0.33 million
B0 → D∗−µ+νµX decays, with the D∗− decaying in D0pi have been selected to per-
form the measurement. The Cabibbo favored D− → K+pi−pi− and D0 → K+pi−
2
decays are reconstructed, and the direct CP violation in these decays is assumed
to be negligible. The different interaction of a particle with respect to its antiparti-
cle with the detector material and the inefficiency of the detector itself, result in an
asymmetry between the CP conjugated final states. For convenience, the K+pi−pi−µ+
final state is split into two parts, such that the detection asymmetry of the Kpi pair
is evaluated separately from the detection asymmetry of the µpi pair.
The dominant contribution to the detection asymmetries is given by the Kpi pair,
and the largest source is the charged kaon nuclear interaction asymmetry. The de-
tection asymmetry for the Kpi pair is evaluated using prompt D− → K+pi−pi− and
D− → K0pi− decays. The charge asymmetry of the final state of the first sample
contains the detection asymmetry of the Kpi pair, but it has to be corrected for
the D− production asymmetry and the detection asymmetry of the additional pion.
The asymmetry of the second control sample, together with the asymmetry due to
the neutral kaon interaction [13], represents the correction needed. A kinematic
re-weighting procedure is needed to match the Kpi pair of the control sample to the
Kpi pair kinematics of the signal sample. The Kpi asymmetry depends on the year
and magnet polarity, but is around 1% on average, with a precision of around 0.1%.
For the µpi contribution, different methods are used for the different sources of asym-
metry. Firstly, the events in the signal sample are weighted such that the kinematic
distributions of the muon and pion overlap, in order to ensure for the oppositely
charged particles no tracking related asymmetries. Secondly, the muon trigger and
identification asymmetry are evaluated using the same method described for the assl
measurement. By means of a re-weighting procedure, the kinematics of the control
sample is equalized to the signal mode. The corrections are at the level of few per
mille, depending on the data sample considered. The overall uncertainty is about
0.4%. Lastly, corrections for the identification efficiency of the pion are taken into
account.
The first challenge of partial reconstruction is the description of the B meson decay
time. A k-factor is defined as the ratio between the reconstructed and the true mo-
menta in simulated events. An average 〈k〉 factor, depending on the visible mass of
the B meson, is used to correct the reconstructed B decay time: t = L ·mB/|~p| · 〈k〉,
with L the observed flight distance and p the reconstructed momentum of the B
meson, and mB its known mass [14]. The distribution of the k-factors, corrected
using 〈k〉 , is used in the time dependent fit as resolution function, in addition to
the usual resolution on the flight distance. The values of adsl and AP are extracted
by means of a maximum likelihood fit to the D− or D0 mass, the B decay time and
the final state particle charge. The B decay time and charge asymmetry fit projec-
tions for the combined D−µ+ sample are shown in Fig. 1 (Left). The analysis is
performed separately for the 7 TeV and 8 TeV center-of-mass energies and for the
two magnet polarities of LHCb [15]. The results for adsl and AP are then combined.
The largest background is B+ → D(∗)−µ+X+ decays, which are around 10% of the
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Figure 1: Left: Fit projections: B decay time and charge asymmetry for the 7 TeV
and 8 TeV combined D−µ+ sample. Right: Overview of the semileptonic asymmetries
measurements. The preliminary measurement from the BaBar collaboration: adsl =
(−3.9 ± 3.5(stat) ± 1.9(syst)) · 10−3 [6] presented at this conference is included and
considered in the average. The bands correspond to the average of the pure adsl and
assl measurements, which excludes the D0 dimuon result.
sample. Shapes and fractions are taken from simulation. The production asymmetry
for the B+ meson, AP (B
+) = (−0.6± 0.6)%, is taken from the asymmetry observed
in B+ → J/ψK+ decays [16], corrected by the CP asymmetry [14]. Table 1 reports
the different sources of systematic uncertainty on adsl and AP. The leading systematic
uncertainty is ascribed to the uncertainty, statistical and systematic, of the mea-
surement of the detection asymmetry. The B+ background currently represents the
second largest source of systematic uncertainty for this analysis. The effect of back-
grounds from Λ0b and B
0
s decays is also evaluated. Systematics related to the decay
time description give a smaller contribution. Contributions below the 10−4 level are
considered negligible. The results obtained for adsl and AP are [17]:
adsl = (−0.02± 0.19(stat)± 0.30(syst))% (4)
AP(7 TeV) = (−0.66± 0.26(stat)± 0.22(syst))% (5)
AP(8 TeV) = (−0.48± 0.15(stat)± 0.17(syst))% (6)
4 Conclusions
The current experimental picture of the semileptonic asymmetries in neutralB mesons
systems is represented in Fig. 1 (Right). Measurements of the CP violation in B0−B0
and B0s − B0s mixing performed by the LHCb experiment are reported, focusing on
4
Source of uncertainty adsl AP(7 TeV) AP(8 TeV)
Detection asymmetry 0.26 0.20 0.14
B+ background 0.13 0.06 0.06
Λb background 0.07 0.03 0.03
B0s background 0.03 0.01 0.01
Combinatorial D background 0.03 – –
k-factor distribution 0.03 0.01 0.01
Decay-time acceptance 0.03 0.07 0.07
Knowledge of ∆md 0.02 0.01 0.01
Quadratic sum 0.30 0.22 0.17
Table 1: Systematic uncertainty contributions in [%], on adsl and AP at 7 TeV and
8 TeV center of mass energy. Negligible contributions are marked with ”–”.
the new result obtained in the B0 sector, exploiting the full statistics of Run-I. Both
measurements agree with the Standard Model predictions, and they are the current
most precise measurements of these quantities from a single experiment.
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